We compared root system morphogenesis of micropropagated transplants of Prunus cerasifera L. inoculated with either of the arbuscular mycorrhizal (AM) fungi Glomus mosseae or Glomus intraradices or with the ericoid mycorrhizal species Hymenoscyphus ericae. All plants were grown in sand culture, irrigated with a nutrient solution that included a soluble source of phosphorus, for 75 days after transplanting. Arbuscular mycorrhizal colonization increased both the survival and growth (by over 100%) of transplants compared with either uninoculated controls or transplants inoculated with H. ericae. Arbuscular mycorrhizal colonization increased root, stem and leaf weights, leaf area, root length and specific leaf area, and it decreased root length/leaf area ratio, root/shoot weight ratio and specific root length.
Introduction
Root system morphology is genetically determined and varies among species and individuals (Harper et al. 1991) . It can be modified by many environmental factors, including nutrient and water availability and temperature (Drew and Saker 1978, Scott Russell 1982) . Root plasticity is also influenced by arbuscular mycorrhizal (AM) fungi; although variable effects have been reported (see review by Berta et al. 1993) , the most common effect is increased root branching.
The rapid development of a functioning root system is critical to the successful establishment of many horticultural and other woody species. In addition, because root system morphology influences root function (Harper et al. 1991) , it is of interest to understand the effects of mycorrhizal fungi on the first phases of root development, particularly in rootstocks that are frequently micropropagated to obtain homogeneous and disease-free clones. It has been found that early AM infection is beneficial to the performance of micropropagated plants (Ravolanirina et al. 1989a ,1989b , Branzanti et al. 1992 , Vestberg 1992 , but the mechanism of this effect is unclear.
We investigated the effects of mycorrhizal colonization during the first phases of root development after outplanting of micropropagated Prunus cerasifera L. clone MrS2/5, an im-portant rootstock for peach, infected with either of the AM fungi, Glomus mosseae or G. intraradices. Because AM-induced enhancement of phosphate assimilation in mycorrhizal plants influences plant development, we also determined the extent to which morphological and anatomical changes in roots were due to changes in P content. However, hormonal mechanisms may also underlie variations in root system morphology in endomycorrhizal systems (Berta et al. 1993) , and have shown that major morphological changes occur in the root system under conditions where P nutrition is unlikely to be a major factor. To assess alternative mechanisms underlying root system morphology, therefore, Prunus plants, well supplied with soluble phosphate, were grown in the presence of the ericoid mycorrhizal fungus Hymenoscyphus ericae, which is not able to infect Prunus plants symbiotically but synthesizes IAA in pure culture (Berta et al. 1988) .
Because root system structure depends on meristematic activity of root apices, all factors that affect root development must directly or indirectly affect root apical meristem activity and structure. Therefore, we have related morphology and development of the root system to the structure of the apex of lateral roots. Furthermore, because modifications in rooting patterns and physiology imply changes in gene expression, and the presence of AM fungi within roots is known to modify protein metabolism (Dumas et al. 1989 , Wyss et al. 1990 , we also studied changes in the amounts and types of such gene products in mycorrhizal roots of Prunus.
Materials and methods

Micropropagation
Shoot tips (0.5--0.7 cm in length) of the micropropagated Prunus cerasifera L. clone ''MrS2/5'' were multiplied according to Morini et al. (1990) . For shoot proliferation, MS growth medium was supplemented with 0.4 mg l −1 thiamine, 100 mg l −1 myoinositol, 60 mg l −1 NaFeEDTA, 30 g l −1 sucrose and 0.6 mg l −1 BA. Indolebutyric acid (IBA) was used at 0.4 mg l −1 for rooting. The pH of the medium was adjusted to 5.2, 6 g l −1 of Difco Bacto Agar was then added and the medium autoclaved. Both shoot proliferation and rooting were carried out in 500-ml glass vessels that were wrapped in polyethylene film and contained 120 ml of growth medium. The microplants were cultured in a growth cabinet with a 16-h photoperiod at 40 µmol m −2 s −1 photon irradiance at 21 °C. Shoot cultures were transferred to rooting medium after 2 weeks.
Plant growth and infection
Three-week-old rooted microplants were transplanted to individual 1.5-l polyethylene pots filled with quartz sand and divided into four groups. 
Harvests
Six plants from each of the four treatments were harvested at 18, 32, 47 and 75 days after transplanting and assessed for changes in biomass, root morphological development and leaf P content. At each harvest, the degree of root colonization was evaluated microscopically after staining with trypan blue in lactophenol (Phillips and Hayman 1970) , and percentage colonization of the root system was quantified by the grid intersect method (Giovannetti and Mosse 1980) . Seventy-five days after transplanting, root tip morphology, and mitotic and metaphase indices were evaluated on first-order laterals because mycorrhizal infection in woody plants affects mainly lateral roots . Eighteen, 32 and 47 days after outplanting, root proteins were determined by SDS-gel electrophoresis.
The data on mycorrhizal colonization, fresh and dry weights, leaf area, P content, root tip morphology and meristem activity were compared by ANOVA, and P ≤ 0.05 was adopted as the level of significance. The least significant differences between values of the morphometric parameters were calculated (P < 0.05). Standard errors were calculated for all data.
A regression analysis of plant growth was carried out with the data on degree of colonization, total root length, mean length of adventitious roots, intensity of branching of first-order lateral roots and relative leaf area (RLA). The following linear and nonlinear regressions were used (Causton and Venis 1981, Berta et al. 1990) :
where t is time, and m, c, a, b and k are constants. The constant a is the asymptotic value to which y tends.
Biomass assessments
Shoot and root fresh weights were determined by weighing, after washing and blotting the samples with filter paper. Leaves were photocopied, to allow leaf area measurements, before drying for 24--48 h at 80 °C.
Morphometric analyses
Measurements of root morphology were carried out on the six replicate plants at each harvest. Roots were preserved in 50% ethanol. Roots were separated into branching orders and measured from video images (Image Analysis System, Magiscan, Joyce-Loebl Ltd.) . At each harvest, the following morphometric parameters were determined: number of roots of each order, number of axes, mean root length, total root length, the degree of branching of the root system (evaluated as total root number divided by total root length), lateral root frequency (represented by the number of roots of order n, divided by the length of roots of order n − 1), and the percentage of roots present in each order. At Day 75, the mean diameter of roots in each order was also determined.
At each harvest, leaf area was determined by digitized image analysis using Image Grabber 2.3 Software ( Macintosh IIx) and a CCD KP-C503 Hitachi camera. The digitized images were analyzed with OptiLabTM/x 1.4 software.
Phosphorus content
Dry material was wet-digested (Kuttner and Lichtenstein 1932) and then analyzed for total phosphorus content (Fogg and Wilkinson 1958) . Samples (30--40 mg) of dry material were weighed into 100-ml Kjeldahl flasks, and 1 ml of 10 M H 2 SO 4 was added. The samples were then digested on a Kjeldahl microburner by adding 10--20 drops of 30% H 2 O 2 . After neutralization and addition of ammonium molybdate--sulfuric acid solution, samples were boiled for 1 min with 100 mg of ascorbic acid. After color development, the samples were diluted to 50 ml, and the optical density at 660 nm determined with a Varian DMS 100 spectrophotometer. Values of P content were obtained from a 10--350 µg P calibration curve.
Root tip morphology of secondary roots
Root tips of secondary roots of uninoculated P. cerasifera plants and plants inoculated with G. mosseae, G. intraradices or H. ericae were fixed in 4% formaldehyde in 0.1 M phosphate buffer, pH 7, for 2 h, postfixed in 1% OsO 4 , dehydrated and embedded in Durcupan ACM (Fluka). Median longitudinal sections were cut on a Reichert ultramicrotome, and root tip morphology was examined after staining with 1% toluidine blue in 1% sodium tetraborate. The diameters of 10 root apices per sample were measured at the base of the meristem on median longitudinal sections with the aid of an ocular micrometer.
Determination of meristematic activity
Randomly chosen parts of root systems were fixed as described by Greilhuber (1988) for tannin-rich plant material.
Fixed root tips of first-order laterals were cut and treated with a pectinase-cellulase mixture for 3 h at room temperature, followed by 24 vol of H 2 O 2 for 10 min, to reduce the quantity of tannins. The samples were then stained with Feulgen, smeared and mounted on glass slides.
The mitotic index (MI) and percentage of mitotic cells in metaphase (MeI) for roots of equal length (1.5 cm) were determined. Each value for MI was based on a total of 3000 cells, 1000 being scored from each of three slides.
Quantitative protein analysis
Root pieces were placed in liquid nitrogen and soluble root proteins were extracted with 0.1 M Tris-HCl buffer, pH 7.6, containing 1% Na-thioglycolate, 0.4% NaCl and 10 mM mercaptoethanol (1/1, v/v). The macerate was centrifuged at 48,000 g for 20 min, and protein content of the supernatant was determined by the Bradford (1976) method.
Qualitative protein analysis
Twenty-five µl of soluble root protein extract was analyzed by electrophoresis in 15% SDS polyacrylamide gel by the method described by Davis (1964) and proteins were detected by silver nitrate staining (Blum et al. 1987) . Qualitative analysis of alkaline phosphatase isozymes in root tissues was realized after protein extraction in 0.1 M borate buffer, pH 8.8, (2/1, w/v) by native PAGE electrophoresis as described by Gianinazzi-Pearson and Gianinazzi (1978) .
Results
Plant biomass and development
All of the micropropagated plants of P. cerasifera were about the same size when transplanted ( Figure 1 ). Eighteen days after transplanting, the arbuscular mycorrhizal (AM) plants were uniformly healthy, whereas only 70% of both the nonmycorrhizal (NM) controls and plants inoculated with H. ericae were healthy. At this time, no differences were observed in shoot and root fresh weights, or in stem and leaf dry weights of the healthy plants ( Figure 2 ). By Day 75, plant weights had increased only slightly in the NM controls and plants inoculated with H. ericae, e.g., root weight in the NM controls was only 5.5 times that at Day 18. In contrast, shoot and root fresh weights and leaf area of AM plants ( Figure 3a ) were all significantly higher than those of NM controls by Day 32 (Figures 2a and 2b) , and the differences increased with time (cf. Days 47 and 75). Stem and leaf dry weights (Figures 2c and 2d) were significantly higher in the AM plants than in the NM controls by Day 47. Growth of plants infected with G. intraradices was delayed compared with growth of plants infected with G. mosseae. Differences between the two AM treatments were generally significant at Day 47, but not at Day 75.
The leaf area/shoot dry weight ratio (specific leaf area, SLA) decreased slightly with time in NM controls and plants inoculated with H. ericae, whereas in AM plants, SLA increased until Day 47 and then decreased to values comparable with those of NM controls (Figure 3b ). At Day 18, the fresh weight/dry weight ratios of shoots and leaves were similar for all treatments (3.8 for shoots and 3.3 for leaves). The ratios decreased in all treatments by Day 32 and then began to increase again around Day 47. At the final harvest, no treatment differences were evident (values of 3.0 for shoots and 3.0 for leaves).
The root/shoot fresh weight ratio (R/S) was similar in all treatments until Day 47 when it was reduced in AM plants (Figure 3c) . Effects of the two AM species on R/S were not significantly different. Initially, the root length/leaf area ratio (RLA) increased linearly with time in all treatments, although there was considerable variability in plants inoculated with H. ericae and the increase occurred at a slow rate in AM plants (data not shown).
Leaf phosphorus concentrations ( Figure 4a ) were similar in all treatments on Day 18, and they remained constant in NM controls and plants inoculated with H. ericae throughout the experiment. Leaf phosphorus concentrations were significantly higher in the AM plants on Days 32 and 47 than on Day 18, but by Day 75, foliar P concentrations were similar in plants in all treatments. The increase in foliar P concentration in AM plants, which paralleled the increase in growth, occurred earlier in plants infected with G. mosseae than in plants infected with G. intraradices.
Total leaf phosphorus content was also similar among the treatments at Day 18. It increased in all treatments with time, but it increased more quickly in the AM plants than in NM controls and plants inoculated with H. ericae (Figure 4b ).
Development of colonization
Staining of root samples indicated that AM infection was absent from NM controls and plants inoculated with H. ericae (Figures 5a and 5b ), but well established in plants in the AM treatments (Figures 5c--e) . The pattern of colonization development varied between the two AM treatments. During the initial two harvests, the degree of colonization was higher in plants infected with G. mosseae than in plants infected with G. intraradices (Figure 4c ), but by Day 75, it was higher in plants infected with G. intraradices (Figure 4c ).
Root system morphology
Total root length Total root length increased with time in all treatments, but the increase was greatest in AM plants (Figure 6a ). Application of a logistic model of root extension growth gave higher asymptotic values in AM plants than in NM controls and plants infected with H. ericae; the asymptotic value was particularly high in plants colonized with G. intraradices (Table 1) .
At Day 18, the total root length/root mass ratio (specific root length, SRL) was similar in all treatments; thereafter, it increased in all treatments, but reached higher values in NM controls and plants inoculated with H. ericae than in AM plants (Figure 6b ).
The growth of root axes
The root system of the micropropagated plants consisted of a series of adventitious roots, which developed from the base of the shoot, together with branched roots that developed from the adventitious roots. Mean root length and the average length of an individual root axis increased with time, and there were no differences among treatments (Figure 7a ). Application of a logistic model of root extension growth confirmed that there were no effects of the fungi on growth of adventitious roots.
Throughout the study, mean length of first-order laterals increased in all treatments, except in plants infected with G. mosseae, where mean length of first-order lateral roots only increased until Day 32 (Figure 7b) . In all treatments, secondorder lateral roots, which were present only after the first harvest, increased in length after Day 32 (Figure 7c) . Third-order lateral roots were present only at the final harvest. There were no significant differences in third-order lateral root length among treatments, except in plants inoculated with H. ericae, which had significantly shorter third-order lateral roots than plants in either of the AM treatments (Figure 7d ).
Effects on root branching
At Days 18 and 47, there were no significant differences among treatments in degree of branching of adventitious roots, but at Days 32 and 75, branching frequency was significantly higher in AM plants than in NM controls and plants inoculated with H. ericae (Figure 8a) . Frequency of branching was highest in AM plants at Day 75.
The intensity of branching of first-order lateral roots increased with time for all treatments, and there were significant differences between AM plants and NM controls and plants inoculated with H. ericae (Figure 8b , Tables 1 and 2 ). The rate of increase was approximately linear; however, the slope varied among treatments decreasing in the order of G. mosseae, G. intraradices, NM controls and H. ericae (6.79, 5.47, 1.93 and 1.29, respectively) . Of the parameters tested, the greatest morphological effect of AM infection was on intensity of branching of first-order lateral roots. The intensity of branching of second-order lateral roots was significantly higher in plants infected with G. intraradices than in plants in the other treatments (Figure 8c ).
Percentage contribution of the different root orders
In all treatments, the percentage of the root system present as adventitious roots decreased with time, whereas the proportion of the root system present as second-order lateral roots increased. First-order lateral roots made up a relatively constant proportion of the root system in NM controls and plants inoculated with H. ericae, but the proportion decreased markedly in AM plants with time. After Day 32, plants colonized with G. mosseae had a significantly smaller proportion of the root system as adventitious roots and a higher proportion as firstorder lateral roots. In plants inoculated with H. ericae, the greatest proportion of the root system was adventitious roots and the smallest proportion was second-order lateral roots. At Day 47, plants in both AM treatments had a lower proportion of adventitious roots and a higher proportion of second-order lateral roots than NM controls. At Day 75, (Figure 9 ), the root system in NM controls and plants inoculated with H. ericae were dominated by first-order lateral roots (55 and 64%, respectively), whereas in plants inoculated with G. mosseae and G. intraradices, the roots systems were dominated by secondorder lateral roots (53 and 48%, respectively) ( Figure 9 ).
Root diameter
Diameters of primary, secondary and tertiary roots were significantly higher in plants colonized by G. intraradices than in plants in the other treatments, whereas diameters of quaternary roots were higher in plants colonized by G. mosseae. The diameters of some root orders were smaller in plants colonized by H. ericae than in NM controls and AM plants.
Root tip morphology of second-order roots and meristematic activity
Median longitudinal sections of root apices of second-order lateral roots showed a closed organization of the meristems. They possessed discrete caps, i.e., there was a clear boundary between the initials of the cortex and the initials of the cap. The epidermis differentiated as the inner cell layer of the lateral cap (Figure 10) . There was no variation in root tip morphology among treatments, but root apex diameter, measured at its base, was significantly larger in plants infected with G. intraradices (355.7 ± 16.7 µm, P < 0.01) and smaller in plants infected with H. ericae (190.8 ± 16.4 µm, P < 0.01) than in NM controls and plants infected with G. mosseae (246.0 ± 14.8 µm and 267.6 ± 13.9 µm, respectively, P > 0.25). Variations in size depended on both the number and size of the constituent cells. Root apices of plants inoculated with H. ericae were more intensively stained than root apices of plants in the other treatments (Figure 10e) .
The mitotic index (MI) of second-order roots was similar in all treatments (Table 3 ). In contrast, there were significant differences between metaphase indices (MeI) of NM controls and plants inoculated with H. ericae (P < 0.05), and between plants inoculated with H. ericae and plants inoculated with G. mosseae (P < 0.01) ( Table 3) .
Qualitative and quantitative analyses of proteins
Root extracts of AM plants contained more soluble proteins than NM controls or plants inoculated with H. ericae. Protein content was higher in plants colonized by G. intraradices than in plants in the other treatments, and the differences increased with time (Table 4) . One protein band, which was present in root extracts of plants in all treatments on Day 32, was only present in NM controls and plants inoculated with H. ericae on Day 47. Some protein bands were enhanced in root extracts of AM plants, and three bands were detected only in AM plants (Figure 11 ). At Day 47, an alkaline phosphatase isozyme was present in root extracts of plants colonized with G. mosseae (Figure 12 ).
Discussion
The survival of micropropagated plants during their transition from in vitro culture to growth in soil is a significant horticultural problem (Fortuna et al. 1992) . We found that colonization of plants with AM fungi immediately on transplanting eliminated losses, regardless of the state of root development at transplanting (Figure 1) . At the time of transplanting, the plants only had primary roots, which are known to be less susceptible to colonization with AM fungi than the higher-order laterals which are produced during ex vitro development. Thus the early ex vitro stage is probably the most appropriate time to apply AM fungi. The mechanisms of the effects of AM fungi on early growth and survival of microplants are unclear. At Day 18, shoot weight, root weight and length (Figure 2) , leaf area (Figure 3 ) and the concentration of P in leaves ( Figure 4) , usually the first tissue to indicate impeded nutrient supply, were similar in all treatments. At this time, however, the extent of infection by G. mosseae was substantial (35%) and comparable to that obtained with similar sized plants by Fortuna et al. (1992) , whereas colonization by G. intraradices was low (5%), although sufficient to improve survival from 70% (for NM controls) to 100%.
Modifications in the growth pattern of AM plants may be the result of the plant being colonized by the fungus or they may be due solely to the presence of the fungus (Berta et al. 1993) . To resolve this question, we included H. ericae, an ericoid mycorrhizal fungus, because it is known to produce auxins when grown in pure culture (Berta et al. 1988 ), but it is not capable of colonizing and developing arbuscles (Figure 5b) . We found plants inoculated with H. ericae behaved similarly to the NM controls indicating that colonization by an AM fungus is needed for morphogenetic and other effects to be initiated, and that the mechanisms underlying the changes were probably not mediated by auxins (Berta et al. 1988) .
In most studies, the growth of AM and nonmycorrhizal plants differ, and so the effects of the AM fungi are confounded with effects due to plant size or physiological age. It is also important to separate direct effects that are due to improved AM-fungi-mediated nutrient access and supply, resulting from the development of extra matrical hyphae, from indirect effects of improved growth resulting in increased nutrient uptake. Although many studies of AM fungi have shown direct nutrient-mediated effects, were the first to demonstrate that both direct nutrient and indirect growth effects occur in Populus, i.e., they observed morphogenetic ef- fects even though they had manipulated nutrient supply to ensure that the growth and nutrition of nonmycorrhizal control and AM plants were identical.
We used a similar experimental design to show that AM-induced mycorrhizal growth effects occurred in P. cerasifera even though the plants were grown in the presence of excess P. In our study, plants were grown in quartz sand, which has a low P binding capacity, and were supplied with P as the soluble salt Na 2 HPO 4 at a concentration of 32 µmol. By the end of the experiment, 2600 mg of phosphorus had been added to each pot. Most of this phosphorus would have been directly available in the sand solution. The total phosphorus removed was estimated to be 300 mg for NM controls and 2250 and 2560 mg for plants inoculated with G. intraradices and G. mosseae, respectively. Thus, the NM controls were not P deficient.
Internal P content influences root geometry (Amijee et al. 1989 ) and assimilate partitioning to lateral roots, and an elevated P content enhances lateral root formation (Adalsteinsson and Jensen 1989) . In a study with Andropogon gerardii Vitm., both AM fungi and P enhanced growth and increased the number and diameter of primary, secondary and tertiary roots, but decreased SRL (Hetrick et al. 1988 ). In Gossypium hirsutum L., AM fungi and P increased plant weight, but only AM colonization decreased SRL (Price et al. 1989 ). In A. porrum (Trotta et al. 1991a) , AM effects on growth, individual root lengths, root numbers and branching occurred at low but not at high external P concentration suggesting that mycorrhizal effects resulted from enhanced P nutrition. However, in a further study of A. porrum, with a wider range of P concentrations and more detailed measurements of root development, Trotta et al. (1991b) found that first-and second-order lateral roots were shorter in mycorrhizal plants than in control plants at every P concentration tested, indicating an effect independent of P nutrition. The authors concluded that some fungal effects on morphogenesis might be modified by metabolites or hormones. This concurs with the findings of , who also found effects of AM infection that were independent of external nutrient supply.
We found that, although the two AM treatments increased plant P concentrations between Days 32 and 47, changes in the extent of AM infection were poorly correlated with changes in plant P concentration and growth. An increase in colonization by G. mosseae from 30 to 60% between Days 18 and 32 was associated with an increase in plant P concentration from 0.1 to 0.3% but a relatively small increase in total P uptake (Figure 4) , whereas an increase in colonization from 60 to 70% between Days 32 and 47 was associated with a decrease in plant P concentration but a large increase in total P uptake. An increase in colonization by G. intraradices from 5 to 45% between Days 18 and 32 was associated with a only small increase in plant P concentration from 0.11 to 0.17% and with little change in total P uptake. Increases in colonization from 45 to 50% and 50 to 80% were associated with changes in plant P concentration from 0.17 to 0.40% and from 0.40 to 0.11%, respectively, and with nonlinear increases in the rate of total P uptake. Even allowing for root extension growth during this period and for effects associated with the length of infected Figure 6 . The effects of various mycorrhizal treatments on (a) total root length per plant and (b) specific root length of P. cerasifera. Treatments were: C = nonmycorrhizal control, HE = inoculated with H. ericae, GI = inoculated with G. intraradices, and GM = inoculated with G. mosseae. Means followed by the same letter are not significantly different (P ≤ 0.05). roots, which increased most between Days 47 and 75, there was no simple relationship between AM colonization and P nutrition. In both AM treatments, increased P uptake, linked to increased growth, occurred after Day 32 and was associated with significant (40%) colonization of the root system. The form of P supply and the inert growing medium used suggest that limited uptake as a result of poor root development in NM plants was the probable cause of these effects. The patterns of colonization by the two AM fungi differed with time and with P concentration, and the two fungi had different effects on shoot growth. At Day 75, leaf weights of plants in the two treatments were similar, but stem weight was higher in plants inoculated with G. mosseae than in plants inoculated with G. intraradices. In NM controls, the intensity of root branching decreased from the adventitious roots to the secondary lateral roots (cf. Pagès et al. 1992) , whereas AM fungi increased the degree of branching of adventitious and primary lateral roots, but only G. intraradices increased branching frequency of secondary lateral roots. The noncolonizing H. ericae fungus decreased root branching.
Both AM fungi induced significant decreases in specific root length (SRL). Reduced SRL can result from: (1) an increase in root diameter leading to more material per unit length of root axis, (2) a decrease in cell size leading to increased tissue density and thus weight per unit length, and (3) an increase in cellular or intracellular constituents leading to increased weight per unit length. Data on root diameter (Table 3) indicate that G. intraradices increased the root diameter of all orders of roots, whereas G. mosseae had no effect on diameter. Because cell size in AM roots was increased compared to that in NM control tissue, we conclude that the effects were not caused by carbohydrate starvation. The decrease in SRL in G. mosseaecolonized roots was probably caused by an increase in tissue contents because tissue sections indicated an increased amount of cellular inclusions in AM-infected tissue ( Figure 5) . Roots colonized by G. mosseae contained a high amount of fungal structures ( Figure 5 ). Thus the decreases in SRL caused by the two AM fungi appear to be caused by different mechanisms.
Differences in the size of the AM plants and NM controls make it difficult to separate AM effects from effects due to plant size. Because the NM controls at Day 75 were similar in size to the AM plants at Day 47, we compared the degree of root branching in these plants of similar size but different age and found that the extent of branching of first-order laterals was higher in the AM plants; however the difference was less than that based on a comparison of NM controls and AM plants of similar age. Therefore, we conclude that about half of the modification in branching was related to plant size and the rest to a specific influence of the AM fungus. Re-assessment of the data of Schellenbaum et al. (1991) gave a similar result; however, this was not the case when the data for Platanus acerifolia (Ait.) Willd. (Tisserant et al. 1992) were re-evaluated.
Contrary to findings for endomycorrhizal A. porrum plants (Berta et al. 1990 ), meristematic activity was not influenced by AM fungi. Metaphase indices were higher, however, in plants inoculated with H. ericae than in NM controls or AM plants, indicating a tendency for this fungus to inhibit mitotic activity.
The AM fungi had no effect on the structure of the root apex of first-order lateral roots; however, the endomycorrhizal root apices were larger, which agrees with the findings of Fusconi et al. (1994) for A. porrum plants. The large reduction in size Figure 8 . The effects of mycorrhizal treatments on number of branch roots emerging from (a) adventitious roots, (b) first-order branches, and (c) second-order branches. Treatments were: C = nonmycorrhizal control, HE = inoculated with H. ericae, GI = inoculated with G. intraradices, and GM = inoculated with G. mosseae. Means followed by the same letter are not significantly different (P ≤ 0.05). of the root apices of plants inoculated with H. ericae suggests a parasitic interaction between the fungus and P. cerasifera. Both qualitative and quantitative differences in protein composition were found between the NM controls and AM plants, confirming that AM colonization results in the synthesis of Figure 12 Alkaline phosphatase activity present in 6-week-old root extracts of NM controls and plants inoculated with G. intraradices (GI), G. mosseae (GM) or H. ericae (HE). Note that only extracts of roots infected with G. mosseae stained intensely.
specific new soluble proteins and enhances the production of some proteins present in noncolonized roots (cf. GianinazziPearson and Gianinazzi 1978 , Dumas et al. 1989 , Pacovsky 1989 , Abdel-Fattah 1990 , Wyss et al. 1990 . We conclude that infection of roots by AM fungi modifies plant morphogenesis at different levels ranging from whole plants to gene products, and that improved mineral nutrition does not account entirely for the improved growth or for the major morphogenetic changes observed.
